Nutritional management and suitable weight control during pregnancy are very important. However, in clinical practice, it is difficult to determine in detail precisely what pregnant women are eating. We investigated nutritional balance and nutritional requirements in pregnant women and their relationship to the course of pregnancy. A Food Frequency Questionnaire Based on Food Groups (FFQg) was distributed to 223 women at 12 weeks gestation attending one obstetrics clinic. We observed the women's statuses until delivery and obtained information on pregnancy, delivery, and newborn from their medical records. One hundred and forty-seven (65.9%) of the subjects had problem-free pregnancies. Only 2 (0.9%) subjects developed pregnancy-induced hypertension syndrome. Participants were classified by pre-pregnancy BMI (body mass index; kg/m 2 ) as follows: 44 (19.7%) were underweight (BMI < 18.5); 164 (73.6%) were of normal weight (BMI 18.5 -24.9) and 15 (6.7%) were overweight (BMI < 25.0). Average infant birth weight was significantly lower in the underweight group than in the normal group (P < 0.05). There was no relationship between outcome of pregnancy and pre-pregnancy BMI. There were no marked differences in daily nutrients consumed among the three groups. However, the underweight group consumed significantly more fat than the normal group and gained significantly more weight before delivery than the others. Blood pressure was significantly higher in the overweight group than in the other groups at some points of gestation, although it remained within the normal range. Fat intake overall was more than the recommended value, especially in the underweight group. The relationship between course of pregnancy and nutritional intake was unclear. However, pre-pregnancy BMI may influence the course of pregnancy in terms of infant weight, gestational weight gain, and blood pressure.
INTRODUCTION
Suitable weight control during pregnancy is very important for the health of both the pregnant woman and her baby. Previous studies have reported that the amount of weight gained during pregnancy and the pre-pregnancy body mass index (BMI) can influence pregnancy, delivery, and newborn health [1] [2] [3] [4] . For example, excess weight gain during pregnancy is associated with increased risk of hypertensive disorders, cesarean delivery, and large-for-gestational-age neonates [5] . Being underweight before pregnancy increases the risk of having small-for-gestational-age and low-body-weight babies, whereas being overweight or obese before pregnancy increases the risk of having large-for-gestational-age babies with high birth weight or macrosomia, as well as the risk of subsequent overweight or obesity in these children when they reach adulthood [6] . Children who are malnourished in utero or born underweight have a high probability of developing obesity, diabetes, lipid abnormalities, hypertension, and metabolic syndrome in adulthood; this is an example of "DOHaD" (the developmental origins of health and disease) [7] . These findings indicate that the dietary status of pregnant women is reflected in the future health of their children. Therefore, nutritional management and weight management before pregnancy-not just during pregnancy-are important.
In Japan, weight control in pregnant woman is guided by charts released by the Ministry of Health, Labour, and Welfare for appropriate weight increase in pregnancy [8] . Actual intakes of nutrients by pregnant women are probably less than the recommended values. One study has shown that the diets of 39.6% of Japanese pregnant women do not meet the recommended criteria [9] . Recent Japanese data show that over 20% of young women are underweight (body mass index [BMI] < 18.5 kg/m 2 ), possibly because of the strong desire among contemporary young women to be thin [10] . Although nutritional education on weight gain restriction has been undertaken in many Japanese hospitals or clinics following the recommendation charts, very few studies have been done on the adverse effects of excessive maternal weight gain on pregnancy outcome.
We attempted to clarify objectively the nutritional status of pregnant women by using the Food Frequency Questionnaire Based on Food Groups (FFQg), which can estimate daily dietary intake. Our aim was to evaluate the women's nutritional status and elucidate any associated problems; we also aimed to help reduce the incidence of abnormal outcomes of pregnancy by elucidating the relationship between nutritional status and course of pregnancy.
MATERIALS AND METHODS

Study Design and Subjects
This study was part of a prospective study. The FFQg question sheet was distributed to 223 pregnant women at 12 weeks gestation who attended one obstetrics clinic in the city of Hirosaki, in northern Honshu, between July 2011 and June 2012. We observed the women's statuses until delivery, and we obtained information on pregnancy, delivery, and newborn from medical records.
Dietary Assessment and Calculation of Nutrient Intakes
Dietary intake was assessed by using FFQg Ver. 3.0, developed by Yoshimura (Kenpaku-sha, Tokyo, Japan) [11] . The FFQ has been widely used for epidemiological purposes because it satisfies the above conditions [12] . The FFQg can be used to estimate daily meal content from easy questions covering 29 food groups and 10 kinds of cooking method. In this established semiquantitative questionnaire, subjects state their frequency of intake (i.e. food frequency) and amount of food intake (i.e. portion size) over a period of 1 week in 1 or 2 recent months. The established software "Excel-eiyoukun" Ver.
5.0 and FFQg Ver. 3.0 (Kenpaku-sha, Tokyo, Japan) [13] was used to calculate daily intakes of nutrients from foods. This method has been shown in Japan to be reliable and valid [14] .
Statistical Analysis
Data were expressed as means ± standard deviation (SD) . Differences between groups were tested for statistical significance by using Student's t-test, or one-way ANOVA and multiple comparison. All data analyses were performed with IBM SPSS statistics 19 on a Windows operating system. A P-value of less than 0.05 was considered statistically significant.
Ethical Approval
All procedures were approved by the Ethics Committee of Hirosaki University, and informed consent was obtained from all participants.
RESULTS
Overall Characteristics of Participants
Two hundred and twenty-three participants completed the FFQg and were included in the validation study. Tables 1 and 2 show the patient characteristics. Participants ranged in age from 18 to 41 years, with a mean age of 29.6 ± 4.4 years. Mean ± SD height was 158.9 ± 5.4 cm, pre-pregnancy body weight was 52.0 ± 7.4 kg, and prepregnancy BMI was 20.5 ± 2.6 kg/m 2 . Mean ± SD weight gain during pregnancy was 9.5 ± 3.1 kg, length of gestation was 39.1 ± 7.4 weeks, and infant birth weight was 3119.7 ± 364.6 g.
The women were classified by pre-pregnancy BMI as follows: 44 (19.7%) were underweight (BMI < 18.5 kg/m 2 ), 164 (73.6%) were of normal weight (BMI 18.5 -24.9 kg/m 2 ), and 15 (6.7%) were overweight (BMI > 25.0 kg/m 2 ). Ninety-seven (43.5%) were primiparous and 126 (56.5%) were multiparous; 173 (79.7%) had spontaneous deliveries, 24 (11.0%) had vacuum-assisted deliveries, and 19 (8.8%) had cesarean deliveries. The average infant birth weight was significantly lighter in the underweight group than in the normal group (P < 0.05) (Figure 1 ).
Outcomes
One hundred and forty-seven women (65.9%) had uneventful pregnancies. Thirteen subjects (5.8%) were hospitalized for threatened premature delivery, 11 (8.9%) for impaired glucose tolerance, and 2 (0.9%) for other problems. Two (0.9%) subjects had pregnancy-induced hypertension syndrome. Twelve (5.4%) required emergency transport; 18 (8.1%) were transferred to other hospitals by the reasons at their own request or because of the need for particular medical procedures, and 15 (6.7%) returned to their home towns for delivery.
To investigate the relationship between pre-pregnancy weight and outcome, pre-pregnancy BMI was scored as underweight, 1; normal weight, 2; and overweight, 3.
The average score of subjects who gave birth normally was 1.87; that of subjects who did not have normal births (i.e. were hospitalized for threatened premature delivery or stillbirth or required transfer to specialist units) was 1.85. There was no significant difference between the two scores.
Nutrient Intakes
We estimated the intakes of energy and various nutrients, as calculated by using the FFQg ( Table 3) . The mean (± SD) daily intakes of total energy, protein, total lipids, and carbohydrates were 1717.7 ± 364.8 kcal, 57.4 ± 14.6 g, 58.7 ± 16.8 g, and 234.5 ± 48.6 g, respectively. The mean (± SD) intakes of calcium, iron, total fiber, and salt were 519.6 ± 185.5 mg, 6.5 ± 1.9 mg, 11.1 ± 3.2 g, Data are expressed as numbers, with percentages in parentheses. Data are expressed as means ± SD. a Total of 169 subjects (BMI < 18.5, n = 31; 18.5 -24.9, n = 126; 25.0, n = 12); b Total of 214 subjects (BMI < 18.5, n = 41; 18.5 -24.9, n = 158; 25.0, n = 15). and 8.1 ± 2.4 g, respectively. The mean (± SD) intakes of protein energy ratio, fat energy ratio, and carbohydrate energy ratio were 13.4% ± 1.7%, 30.5% ± 4.1%, and 56.1% ± 5.1%. In our analysis by pre-pregnancy BMI, the mean (± SD) intake of total energy in the underweight, normal, and overweight groups was 1814.3 ± 336.3 kcal, 1687.5 ± 372.2 kcal, 1764.8 ± 329.0 kcal. There was no significant difference among these energy intake of three groups. Significantly more fat was consumed by underweight subjects than by those of normal weight (P < 0.041).
Change in Weight Gain during Pregnancy According to Pre-Pregnancy BMI
We examined change in weight gain during pregnancy according to pre-pregnancy BMI (Figure 2) , as well as average weight gain before delivery (Figure 3) . Weight gain before delivery in underweight, normal weight, and overweight subjects was 11.1 ± 2.4 kg, 9.3 ± 3.1 kg, and 6.9 ± 3.0 kg. Body weight gain in the underweight group was significantly higher than in the normal and overweight groups, and weight gain in the overweight group was significantly lower than in the others (P < 0.001). 
Changes in Blood Pressure during Pregnancy According to Pre-Pregnancy BMI
We examined changes in systolic blood pressure, diastolic blood pressure, and mean blood pressure during pregnancy (Figure 4) . Overall, blood pressure in the overweight group was high and that in the underweight group was low, although blood pressure levels overall were within the normal range. Blood pressure was significantly higher in the overweight group than in the other groups at some points of gestation.
DISCUSSION
Our aim was to investigate nutritional balance and nutritional requirements in pregnant women and to examine how they were related to the course of pregnancy, with a focus on pre-pregnancy BMI.
Estimation of nutritional intakes revealed a significant change in fat intake by BMI category: underweight women consumed significantly more fat than normal. Energy intake did not differ significantly among groups, but fat as a percentage of the total energy intake in all groups exceeded 30%, although 20% to 30% is the recommendation. Overall, this suggests that fat intake is slightly excessive and nutritional balance is not optimal, especially among underweight woman. Previous study, which examined the nutritional status and PFC balance (that mean the balance of protein, fat, and carbohydrate energy ratio) using the FFQ by comparing weight gain during pregnancy in Japanese women, shows that all the groups with weight gain had a shortage of nutrient intake and the groups of overweight and underweight had significantly higher intakes of fat [15] . It might not be considered carefully about the balance of the meal, since it can be tolerate more weight gain in the case of underweight pregnant women than other groups. Disturbance of eating habits and misconceptions about physique among young women are social issues. Moreover, inappropriate weight management can greatly affect the health of the fetus and the mother.
Our analysis of the relationship between pre-pregnancy BMI and outcome revealed no significant differences among groups. Birth weight was significantly less in newborns of underweight pregnant women than in those of normal-weight pregnant women. This result was similar those of previous studies. The overall incidence of pregnancy-induced hypertension was only 0.9% in our study, although it is known to be about 5% to 10% [16] or 2.4% [17] in Japan. This difference is probably be-cause our survey was done at a maternity clinic, not in a hospital. Pregnant women who have pregnancy or delivery risk factors are usually sent to general hospitals, not clinics; the clinic population therefore likely contained a relatively large percentage of women with normal pregnancies.
Even though the incidence of pregnancy-induced hypertension was very low, the changes in blood pressure showed some differences according to pre-pregnancy BMI. In general, blood pressure during pregnancy is greater toward the third trimester of pregnancy than in the beginning. Blood pressure in the overweight pregnant women remained higher than in the other groups, although it was in the normal range. There is evidence of an association between high baseline BMI and increased blood pressure in pregnancy [18] .
The state of health of mother and child is influenced by the degree of self-discipline in terms of lifestyle in pre-pregnancy, not only during pregnancy. It is hard to say whether all young women recognize this. Like eating habits before pregnancy, those during pregnancy tend to be ingrained and unlikely to change markedly. Although health guidance of individual pregnant women is important and is done at many hospitals, health education for all ages is also becoming important.
There was a limitation of the present study. This study was conducted in only one obstetric clinic of the small province of Japan, and the sample size was small. Therefore, it is not intended that expresses the current situation in Japan.
CONCLUSION
The effects of nutrition on the course of pregnancy were not well defined. However, pre-pregnancy BMI may influence the course of pregnancy in terms of maternal weight gain and blood pressure and infant weight.
